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It is shown that nuclides whose proton or neutron numbers lie within
three units of a magic number have a level density parameter that is very
strongly correlated with the Myers-Swiatecki shell correction to the mass
formula. Using this correlation, 93 level densities are calculated from only
two adjustable constants, in a semi-empirical fashion.
It is shown that since weaker correlations exist in five regions of the
periodic table, intermediate and heavy nuclides which lie between the strong
correlation ranges also give satisfactory fits, thus making a twelve-parameter
fit overall.
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1. INTRODUCTION
Knowledge of the average level spacing between resonances of a compound
nucleus has important applications in astrophysics, reactor physics and
fission physics. Until now the most suitable formula has come from the
evaluation of Gilbert and Cameron [1965] shell and pairing corrections carried
out by Cook, Ferguson and Musgrove [1967], and modified by Rose and Cook
[1977]. Wapstra and Gove [1971] published a thorough evaluation of neutron
binding energies which was used by Rose and Cook, together with experimental
values of the level spacing tabulated by Gyulassy and Perkins [1972],
Mughabghab and Garber [1973] and Musgrove [1976], to re-evaluate the Gilbert-
Cameron parameters.
Unfortunately, the Gilbert-Cameron theory requires many parameters in the
form of shell and pairing corrections which, for about 300 values, requires
about 200 constants to be fitted. In this report it is shown that there is a
strong correlation between the Myers and Swiatecki [1966] shell correction to
the semi-empirical mass formula and the level density mass parameter, which
permits accurate calculation of level densities for 93 spherical nuclides in
terms of only two adjustable parameters. The physical significance of the
level density parameters is discussed fully in Lang [1966].
2. GILBERT-CAMERON THEORY
The densit ies of states of spin J at an energy E above the ground s ta te
were derived by Gilbert and Cameron as
(2J+1 ?exp{ - ( J+ i }2/2a2}
24 ai UT (2ir)*o3
U is the effective excitation energy, given as
U = E-AE
where AE is the nucleon pairing energy which is f ixed at the Green and Edwards
[1953] value:
AE (odd-odd) = 0
AE (even-odd) = 11 A~^
AE (even-even) = 22 A"
(2)
where A is the compound nucleus mass number.
The spin cutoff parameter o was determined by Gilbert and Cameron to be
a2 = 0.0888(aU)i A3 (3)
More recent estimates [Gardner 1980] give the constant coefficient of 0.146.
This agrees with the result of Lang [1966]. The quantity a is the level
density parameter, which Gilbert and Cameron assumed to be
a/A = a S(Z,M)+3 (4)
where a and e are constant and S(Z,N) is the shell correction to the semi-
empirical mass formula. Cameron [1958] used the relationships
S(Z,N) = S(Z)+S(N)
AE = P(Z)+P(N) (5)
and worked out tables of S(Z), S(N), P(Z) and P(N) which fitted the measured
masses. This treatment gives many adjustable parameters, but interpolation to
unmeasured values is hazardous. Figure 1 shows the scatter of experimental
a/A values with compound nucleus mass number A.
3. THE MYERS-SWIATECKI SHELL CORRECTIONS
A theoretical derivation of the shell correction was given by Myers and
Swiatecki [1966]. They found the expressions
(i) S(Z,N) = C (6)
with
(H) F(X) = / [q (n ) -n3 ]dn
JL JL
(H'i) q(n) = 1 ^p —-- for M. , < n < M f
i ~ i-1
The MJ are the magic numbers 14,28,50,82,126,184 and 258 for both Z and N.
The values of constants C and c are
C = 5.8 MeV , c = 0.26 . (7)
For deformed nuclides, one replaces S by S [ l+£nS/S0], where S is the
Myers-Swiatecki spherical limit.
On examining the data compiled by Rose and Cook [1977] at the neutron
binding energy, a correlation was naturally found between the calculated a/A
from the experimental values of <D> = 1/p and the Myers-Swiatecki shell
correction for those nuclides with either Z or N within three units of any of
the magic numbers M.. The correlation coefficient was 0.903 between a/A and
S(ZSN) for these valency nuclides, 93 of which have been measured. The
Myers-Swiatecki shell corrections were then applied to S(Z,N) and a
correlation coefficient of 0.365 was calculated for the remaining 107
nuclides. Green's pairing correction for AE was used. The relationship
(Equation 4) for these others, most of which were deformed nuclei, was
therefore rejected.
For the valency nuclides, a linear fit gives
a/A = (0.01018±0.00036)S(Z,N)+(0.12746±0.00050) . (8)
The experimental values for a/A and the fitted values are shown in Appendix A.
Errors obtained by including the experimental errors for <D> are also
presented. Figures 2 to 7 show the variation of experimental a/A with S(Z,N)
for each group together with the fitted line aS(Z,N) + &.
For neutron reactions, the proper excitation energy is given by
where E is the kinetic energy of the neutron and B is the neutron binding
energy. The kinetic energy was assumed to be about one half of the last
resolved resonance energy and the binding energies were obtained from Wapstra
and Gove [1971]. Since formula (1) applied to both parities, only one parity
prevails at low energies, so for s-waves
1 J=I+z
<^S _ 1 - *• V ^f\\ T\
^P' ~ /us "o" ^ P ^ U 5 » J J , Mn\TD7 2
 J : r l_j (10)
where I = the target nucleus spin. The recalculated values of <D> are given
in Appendix B together with the experimental value.
One can perceive from the coefficients in Table 1 that for group 5, whose
nuclides can be read off the group numbers in Appendix B, a constant value of
a/A is quite acceptable as a fit. This happens to be the range for the most
strongly deformed nuclei; when S(Z,N) assumes values well away from magic
numbers, the correlation is lost.
The overall situation regarding the possibility of using a broader group
structure to reduce the number of parameters is presented in Table 2. Here we
postulate that in the weaker correlation ranges, a satisfactory fit is
achieved by replacing the linear dependence with a constant average value of2
a/A. The value of x /n is given at each stage and it is apparent from the
table that the new scheme is the optimum one for satisfactory predictions of
<D>. The group structures are summarised in Table 3.
With regard to the calcium isotopes, which make up the second group, it
was found that these light isotopes departed from the strong correlation
expected near the semi-magic, number 20; in reality it should be expected that
the Fermi gas model would be unreliable in this range.
In the case of fission product data, which is the ultimate purpose of
this study, there is no need to be concerned about isotopes in this range, so
the fit to group 2 would never be needed. Our rigorous statistical analysis
reveals that five semi-empirical constants are required to fit about two
hundred for intermediate and heavy nuclides. This is a satisfactory result
for the prediction of unmeasured values of the level spacing.
4. CONCLUSION
A satisfactory overall fit to measured values of the level spacing is
obtained with tv/elve adjustable parameters. The 93 nuclides with valency 3 or
less are very well fitted with just two adjustable constants. The purpose in
carrying out these fits was to reduce the number of degrees of freedom froir
the large number required for a Gilbert and Cameron type of theory.
Extrapolations and interpolations to unmeasured values of D, such as are
required in astrophysics and reactor physics, can serve as a check on Gilbert
and Cameron values and probably provide more reliable results.
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TABLE 1
COEFFICIENTS FOR a/A = aS(Z,N)+B
Group Number
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7 omitted owing to high x in a/A f i t -
Groups 5 and 6 only marginally v/orse for a/A fit.
fits to 6 regions s t i l l best.
For deformed nuclides 6-group structure is such that each group
lies between magic numbers in either Z or M or both.
TABLE 3
DEFORMED GROUP STRUCTURE
Group Magic Number Magic Number
Range for Z Range for







































FIGURE 1. SCATTER OF EXPERIMENTAL a/A VALUES WITH COMPOUND
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F I G U R E 2. V A R I A T I O N OF E X P E R I M E N T A L a/A WITH S(Z,N) AND
FITTED L I N E a S(Z,N) + jS, G R O U P 1
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FIGURE 3. VARIATION OF E X P E R I M E N T A L a/A WITH S(Z,N) AND
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FITTED VALUES OF DENSITY PARAMETER
expt ADexpt calc a/A x (D)
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FITTED a/A VALUES AND CORRESPONDING
RECALCULATED DENSITY PARAMETERS
Nuclide [j^| S(Z.N') (a/A) 2,a/Ax f;fitted X (a/A) Dexp A exp DMIN MAX calc
2 J C i 4 _
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